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(54) Rotary-cam type redinig device 

(57) A rotary-cam type reclining device comprises a 
base fixedly connected to a seat cushion, a toothed arm 
fixedly connected to a seat back and rotatably sup- 
ported on the base via a pivot, a toothed block slidably 
disposed between the base and the arm and having an 
outer toothed portion and a cam-contour surface and 
slidably guided by two parallel side walls of a recessed 
toothed-block guide defined in the base, a rotary cam 
for producing outward and inward sliding motions of the 
toothed block to mesh and unmesh the outer toothed 
portion of the toothed block with and from the inner 
toothed portion of the arm by a rotary motion of the 
cam, and an operating lever mechanically linked to the 
cam for producing the rotary motion of the cam. In a 
completely-locked state of the device, the toothed block 
is held at its outermost meshing position by way of three 
cam-connection points created between the cam-profile 
surface of the cam and the cam-contour surface of the 
toothed block for restricting or preventing the movement 
of the toothed block in all directions of the toothed block. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a rotary-cam type 
reclining device suitable for use in automobile reclining 
seats, and more specifically to a rotary-cam type seat 
reclining device which is locked or unlocked by way of a 
rotary motion of the rotary cam mechanically linked to a 
reclining lever to ensure the angulation of a seat back 
relative to a seat cushion. 

Description of the Prior Art 

Recently, there have been proposed and developed 
various rotary-cam type reclining devices. A typical 
rotary-cam type reclining device includes a base fixedly 
connected to a seat cushion and having a recessed por- 
tion formed with two opposing parallel side walls, an 
arm fixedly connected to a seat back and rotatably sup- 
ported by the base, at least one toothed block slidably 
guided in the two opposing parallel side walls in the 
base, a reclining lever, and a rotary cam usually fixedly 
connected to the pivot shaft of the reclining lever and 
acting to mesh or unmesh the toothed block with or from 
the inner toothed portion of the arm by way of rotation of 
the rotary cam. Figs. 7, 8A and 8B show a prior art 
rotary-cam type reclining device having a pair of diamet- 
rically opposing toothed blocks. As seen in Fig. 7, the 
conventional rotary-cam type reclining device com- 
prises a base 1 fixedly connected to a seat cushion and 
having a recessed portion 10 formed with two parallel 
side walls 9a and 9b, an arm rotatably supported by the 
base 1 and fixedly connected to a seat back, a pair of 
toothed blocks 12A and 126 slidably accommodated in 
the recessed portion 1 0 and guided by the two opposing 
side walls 9a and 9b, and a rotary cam 16 fixedly con- 
nected to the pivot shaft 4 of a reclining lever (not 
shown) for meshing or unmeshing each of the toothed 
portions 13 of the toothed blocks 12A and 12B with or 
from the inner toothed portion 21 a of the arm 2. Each of 
the toothed blocks 12A and 12B has a cam-contour sur- 
face facing a cam-profile surface of the rotary cam 16. 
The cam-contour surface is formed with a projected por- 
tion 14d which can be brought into cam -engagement 
with a projected cam portion 16d of the cam-profile sur- 
face of the rotary cam 16. Also, each of the toothed 
block has a groove-cut portion 14e, whereas the rotary 
cam 16 has a finger-tip like cam portion 16e. When the 
rotary cam rotates in its counter-clockwise direction 
(viewing Fig. 7), the projected portion 14d of each 
toothed block is brought into engagement with the pro- 
jected cam portion 16d of the rotary cam, and thus the 
toothed block pair (12A; 12B) moves to their maximum 
radial outward sliding positions, and as a result the 
outer toothed portions (13; 13) of the toothed blocks are 
brought into meshed-engagement with the respective 



inner toothed portions (21 a; 21 a) of the arm 2. As a con- 
sequence, the reclining device is held in a completely 
locked state in which the relative rotational-motion of the 
arm 2 to the base 1 is prevented by meshed-engage- 

5 ment between the toothed block pair (1 2 A; 1 2B) and the 
arm 2. Conversely, when the rotary cam rotates in its 
clockwise direction (viewing Fig. 7), the finger-tip like 
cam portion I6e of the rotary cam 16 is brought into 
engagement with the groove-cut portion 14e of each of 

io the toothed blocks (12A; 12B), the toothed block pair 
(12 A; 12B) moves to their maximum radial inward slid- 
ing positions, and as a result the outer toothed portions 
(13; 13) of the toothed blocks are unmeshed from the 
respective inner toothed portions (21a; 21a) of the arm 

75 2. As a consequence, the reclining device is held in an 
unlocked state in which the disengagement between the 
toothed block pair (12A; 12B) and the arm 2 permits the 
relative rotational-motion of the arm 2 to the base 1 . The 
clockwise rotation of the rotary cam 16 results from the 

20 pull-up motion of the reclining lever, while the anti-clock- 
wise rotation of the rotary cam 16 results from the 
releasing motion of the reclining lever. However, in case 
of the prior art rotary-cam type reclining device as 
shown in Figs. 7, 8A and 8B, the locked state of the 

25 reclining device is mainly created or held by only one 
cam-connection point between the projected portion 
1 4d of the cam-contour surface of the toothed block and 
the projected cam portion 1 6d of the cam-profile surface 
of the rotary cam. With the reclining device held at the 

30 locked state, if excessively large external force (or 
impact force) acts on the arm 2 in the clockwise direc- 
tion of the arm, each of the toothed blocks 1 2A and 1 2B 
may be excessively loaded by an external force acting in 
the clockwise direction, as indicated by the arrow in 

35 Figs. 8A and 8B. Under an excessively loaded condition 
of the toothed blocks 12A and 12B, for instance in case 
of the lower toothed block 12B the lowermost end 12c of 
the left-hand side wall 12a is locally pushed up by the 
left-hand side wall 9a of the recessed guide portion 10 

40 and additionally the uppermost end 12d of the right- 
hand side wall 12b is locally pressed by the right-hand 
side wall 9b of the recessed guide portion 10, because 
the left-hand side wall 12a of the toothed block 12B is 
guided by the side wall 9a of the recessed portion 

45 whereas the right-hand side wall 12b of the toothed 
block 12B is guided by the side wall 9b of the toothed 
portion 12B. In Fig. 8A, the push-up force acting at the 
left-hand side wail 12a of the toothed block 12B is 
denoted by "Y1", whereas the pressure acting on the 

so right-hand side wall 1 2b is denoted by "¥2". In consider- 
ation of a smooth sliding motion of each of the toothed 
blocks (12A; 12B) within the recessed guide portion 10, 
there is less friction between the two opposing left-hand 
side walls 9a and 12a in sliding -contact and between 

55 the two opposing right-hand side walls 9b and 12b in 
sliding-contact. Therefore, in the event that an exces- 
sively large bending moment created by the previously- 
noted two forces Y1 and Y2 is applied to the toothed 
block, the lower toothed block 12B tends to be easily 
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deformed as shown in Fig. 8B owing to the less-friction 
contact between the respective opposing sliding sur- 
faces. In more detail, as seen in Fig. 8B, the left-hand 
side wall portion 12a may be upwardly and inwardly 
deformed, and also the cam- contour surface of the 5 
toothed block 12B is in compression and the outer 
toothed portion 13 of the toothed block 12B is in expan- 
sion and will increase in length under such a bending 
moment. The uppermost end 12d of the toothed-block 
right-hand side wall tends to be strongly pressed on the 10 
side wall 9b of the recessed guide portion 10, while the 
lowermost end 12c of the toothed-block left-hand side 
wall tends to be strongly pressed on the side wall 9a. 
Thus, the lower toothed portion 12B itself tends to be 
deformed in such a manner as to incline in the clock- 15 
wise direction. As a consequence, the excessive exter- 
nal force acting in the clockwise direction of the arm 
may create an undesired stress concentration at the 
strongly-pressed position between the left-hand side 
wall 9a and the lowermost end 1 2c of the toothed-block 2 o 
left-hand side wall 12a, and at the strongly-pressed 
position between the right-hand side wall 9b and the 
uppermost end 12d of the toothed-block right-hand side 
wail 12b, and at the engaged point between the pro- 
jected portion 14d of the cam -contour surface and the 25 
projected cam portion 16d of the cam-profile surface. 
Also, there is a possibility that the deformed toothed 
blocks may induce deformation of the rotary cam 16. To 
avoid such undesired deformation of each toothed block 
and a rotary cam, it is necessary to properly increase a 30 
thickness in each of the side walls 9a and 9b of the 
recessed guide portion 10 of the base 1 and/or a thick- 
ness in each of the toothed blocks 12A and 12B, for the 
purpose of an increase in mechanical strength of the 
cam-connected section of the reclining device. Alterna- 35 
tively, for the purpose of enhancement of the mechani- 
cal strength, a material having a high mechanical 
strength such as a high-strength steel can be used. In 
consideration of both lightening of the entire weight of 
the device and reduction in production costs, the previ- 40 
ously-noted two methods for the mechanical-strength 
enhancement is unpreferable. 

SUMMARY OF THE INVENTION 

45 

Accordingly, it is an object of the invention to pro- 
vide an improved rotary-cam type reclining device 
which avoids the foregoing disadvantages of the prior 
art. 

It is another object of the invention to provide a so 
rotary-cam type reclining device employing a base (fix- 
edly connected to a seat cushion) and an arm (fixedly 
connected to a seat back) which device can provide a 
high mechanical strength of the device without chang- 
ing a thickness in a recessed-guide side walls of the 55 
base and a thickness in a toothed block meshable with 
an inner toothed portion of the arm, in comparison with 
a prior-art rotary-cam type reclining device. 

In order to accomplish the aforementioned and 



other objects of the invention, a rotary-cam type reclin- 
ing device comprises a base fixedly connected to a seat 
cushion, and defining therein a recessed toothed-block 
guide, the recessed toothed-block guide having a pair of 
parallel side walls, an arm fixedly connected to a seat 
back and rotatably supported on the base, the arm hav- 
ing an inner toothed portion, a toothed block slidably 
disposed between the base and the arm and having an 
outer toothed portion on an outer periphery thereof and 
a cam- contour surface on an inner periphery thereof 
and being slidably guided by the side walls of the 
recessed toothed-block guide, a rotary cam for produc- 
ing an outward sliding motion of the toothed block to 
mesh the outer toothed portion with the inner toothed 
portion by a rotary motion of the cam in a first rotational 
direction and for producing an inward sliding motion of 
the toothed block to unmesh the outer toothed portion 
from the inner toothed portion by a rotary motion of the 
cam in a second rotational direction opposing the first 
rotational direction, the cam having a cam-profile sur- 
face facing the cam-contour surface of the toothed 
block, and an operating lever mechanically linked to the 
cam for producing the rotary motion of the cam. wherein 
the cam and the toothed block have at least three cam- 
connection points in the cam-profile surface and the 
cam-contour surface for restricting a sliding motion of 
the toothed block in a direction parallel to the side walls 
and for restricting a movement of the toothed block in a 
direction perpendicular to the side walls, when the 
toothed block is held at an outermost sliding position at 
which the outer toothed portion is completely meshed 
with the inner toothed portion. Preferably, the cam-con- 
nection points may be created at a pair of sloped cam- 
edge portions provided at both ends of the cam-profile 
surface of the cam and at an intermediate cam-edge 
portion provided in the middle of the cam-profile surface 
of the cam. Each of the sloped cam-edge portions may 
be sloped substantially at an angle of 45° with respect 
to the direction parallel to the side walls for restricting a 
movement of the toothed block in both the direction par- 
allel to the side walls and the direction perpendicular to 
the side walls when the toothed block is held at the out- 
ermost sliding position. 

According to another aspect of the invention, a 
rotary-cam type reclining device comprises a base fix- 
edly connected to a seat cushion, and defining therein a 
recessed toothed-block guide, the recessed toothed- 
block guide having a pair of parallel side walls, an arm 
fixedly connected to a seat back and rotatably sup- 
ported on the base through a pivot shaft, the arm having 
an inner toothed portion, a plurality of toothed blocks sli- 
dably disposed between the base and the arm, each of 
the toothed blocks having an outer toothed portion on 
an outer periphery thereof and a cam-contour surface 
on an inner periphery thereof, and being slidably guided 
by the side walls of the recessed toothed-block guide, a 
rotary cam in cam-connection with the toothed blocks 
for producing a radially outward sliding motion of the 
toothed blocks to mesh the outer toothed portion with 
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thr *r toothed portion by a rotary motion of the cam 
in ■: * rotational dire jl?on and for producing a radially 
inv. : : sliding motion of the toothed blocks to unmesh 
the outer toothed portion from the inner toothed portion 
by a rotary motion of the cam in a second rotational 
direction opposing the first rotational direction, the cam 
having a plurality of cam-profile surfaces respectively 
facing the associated cam-contour surfaces of the 
toothed blocks, and an operating lever mechanically 
linked to the cam for producing the rotary motion of the 
cam, wherein the cam and each of the toothed blocks 
have at least three cam-connection points in the cam- 
profile surface and the cam-contour surface for restrict- 
ing a sliding motion of the toothed blocks in a direction 
parallel to the side walls and for restricting a movement 
of the toothed blocks in a direction perpendicular to the 
side walls, when the toothed blocks are held at an out- 
ermost sliding position at which the outer toothed por- 
tions are completely meshed with the associated inner 
toothed portions. It is preferable that the cam-profile 
surfaces of the cam are point-symmetrical with each 
other with respect to an axis of the pivot shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an assembled view illustrating one embod- 
iment of a rotary-cam type reclining device made 
according to the invention. 

Fig. 2 is a side view illustrating the reclining device 
of the embodiment. 

Fig. 3 is a cross-sectional view taken along the line 
A- Aof Fig. 2. 

Fig. 4 is a dis-assembled view illustrating of the 
reclining device of embodiment. 

Fig. 5A is an explanatory view illustrating one 
engaged state of a rotary cam and a toothed-block pair 
in cam-connection and a locked state of the reclining 
device with the toothed-block pair meshed with the arm. 

Fig. 5B is an explanatory view illustrating another 
engaged state of the rotary cam and the toothed-block 
pair in cam-connection and an unlocked state of the 
reclining device with the toothed-block pair unmeshed 
from the arm. 

Fig. 6 is a partial enlarged view illustrating details of 
the cam-connection shown in Fig. 5A. 

Fig. 7 is an explanatory view illustrating a locked 
state of a prior art rotary-cam type reclining device 
employing a pair of toothed blocks and a rotary cam. 

Figs. 8A and 8B are explanatory views illustrating 
forces and a bending moment acting at the toothed 
block, resulting from an external force applied to the 
arm. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, particularly to Fig. 1 , 
the rotary-cam type reclining device of the invention is 
exemplified in case of a double-sided seat reclining 



apparatus. The basic construction of the rotary-cam 
type reclining device of the embodiment as shown in 
Figs. 1 to 6 is similar to that of the prior art rotary-cam 
type reclining device shown in Figs. 7 to 8B. Therefore, 

5 the same reference numerals used in Figs. 7 to 8B will 
be applied to the corresponding elements used in the 
embodiment of Figs. 1 to 6, for the purpose of compari- 
son. Briefly speaking, the rotary-cam type reclining 
device of the embodiment is different from that of the 

10 prior art reclining device, in that a shape or geometry of 
the cam-contour surface of the toothed block (1 2A; 1 2B) 
and a shape or geometry of the cam-profile surface of 
the rotary cam 16 are both different from those of the 
prior art device. In Fig. 1 , the right-hand side reclining 

7 5 device with a reclining-lever handle (simply reclining 
lever) 3 corresponds to an outside reclining device 
attached to the outside of a seat cushion (not shown) by 
means of a base 1 B, the left-hand side reclining device 
corresponds to an inside reclining device attached to 

20 the inside of the seat cushion by means of a base 1 A. 
The outside reclining device has an outside rotatable 
arm 2B fixedly connected to the outside of a seat back 
(not shown) and rotatably mounted on an outside pivot 
shaft 4B to which the reclining lever 3 is fixedly con- 

25 nected, whereas the inside reclining device has an 
inside rotatable arm 2A fixedly connected to the inside 
of the seat back and rotatably supported on an inside 
pivot shaft 4A. The two pivot shafts 4A and 4B are fix- 
edly connected to each other through a connecting pipe 

30 24 by way of serration or spline. As best seen in Fig. 4, 
the inside and outside bases 1 A and 1B are symmetri- 
cal with each other in shape. As seen in Fig. 1 , each of 
the bases 1 A and 1 B is formed with a plurality of mount- 
ing-bolt holes 6a and 6b for firmly securing the base to 

35 the seat-cushion frame by way of bolts or the like. Each 
of the bases (1 A; 1 B) is formed with a circular recessed 
portion 8 having a central bore 7 into which the associ- 
ated pivot shaft (4A; 4B) is rotatably fitted. As shown in 
Fig. 3, a substantially rectangular recessed toothed- 

40 block guide 10 is formed essentially midway of the flat 
bottom plate 8a. The recessed toothed-block guide 10 
has a pair of diametrically-opposing elongated side 
walls 9a and 9b, an upper circular-arc shaped side wall 
9c being continuous with upper ends of the side walls 

45 9a and 9b, and a lower circular-arc shaped side wall 9d 
being continuous with lower ends of the side walls 9a 
and 9b. As seen in Fig. 3, the upper circular-arc shaped 
side wall 9c is formed with an inner toothed portion 11a 
which is meshable with the outer toothed portion 13 of 

so the upper toothed block 12A. whereas the lower circu- 
lar-arc shaped side wall 9d is formed with an inner 
toothed portion 11b which is meshable with the outer 
toothed portion 13 of the lower toothed block 12B. The 
upper and lower toothed blocks 1 2 A and 1 2B are guided 
55 within the recessed toothed-block guide 10 radially slid- 
ably by way of the guide side-walls 9a and 9b. In addi- 
tion to the outer toothed portion 1 3, each of the toothed 
blocks 12A and 12B has a cam-contour surface gener- 
ally denoted by 1 4. The cam-contour surface 1 4 is com- 
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posed of a plurality of complicated cam-contour surface 
portions 14a to 14e as fully described in later. When the 
rotary cam 16 and the toothed block pair (12A; 12B) are 
assembled within the recessed toothed-block guide 10 
of the base, the cam-contour surface of the upper 5 
toothed block 12A and the cam-contour surface of the 
lower toothed block 12B are point-symmetrical with 
respect to the axis of the pivot shaft 4 (or the axis of the 
central bore 7). As seen in Fig. 4, the pivot shaft 4 has a 
pair of diametrically-opposing circular-arc faces and a 70 
pair of rectangular flat faces. Each of the circular arc 
faces serves as a sliding surface which is slidably fitted 
to the inner peripheral surface of the central bore 20 of 
the arm 2. For co-rotation with the pivot shaft 4 of the 
reclining lever, the substantially rectangular bore 27 of 15 
the rotary cam 1 6 is contoured in such a manner as to 
be precisely fitted onto the pivot shaft without any play. 
After each of the inside and outside pivot shafts 4A and 
4B, which are represented by the reference numeral 4 
as generally referred to, is fitted into the associated bore 20 
7 (see Fig. 3) of the base while supporting hereon both 
the arm 2 and the rotary cam 16, a snap ring 22 is fitted 
on the free end of the pivot shaft 4 to prevent the axial 
movement of the pivot shaft 4 with respect to the base. 
As seen in Figs. 4 to 6, the cam-contour surface of the 25 
toothed block (12 A; 12B) is comprised of a substantially 
45° up-sloped, raised edge portion 14a (see the right- 
most end of the lower toothed block 12B of Fig. 6). a 
substantially 45° down-sloped, raised edge portion 14b 
(see the leftmost end of the lower toothed block 1 2B of 30 
Fig. 6), a first curved groove-cut portion 14c being con- 
tinuous with the up-sloped raised edge portion 14a, a 
substantially straight, horizontally-extending intermedi- 
ate portion 14d being continuous with the first curved 
groove-cut portion 1 4c, and a second curved groove-cut 35 
portion 14e being formed between the down-sloped 
raised edge portion 14b and the substantially straight, 
intermediate portion 14d. The rotary cam 16 is formed 
with a pair of diametrically-opposing cam-profile sur- 
faces on its outer periphery such that the upper cam- 40 
profile surface of the rotary cam and the cam-contour 
surface of the upper toothed block 12A are in cam-con- 
nection, while the lower cam-profile surface of the rotary 
cam and the cam-contour surface of the lower toothed 
block 1 2B are in cam-connection. As best seen in Fig. 6, 45 
each cam-profile surface of the rotary cam 16 com- 
prises a first sloped cam-edge portion 16a (see the 
rightmost end of the rotary cam 16 of Fig. 6), a second 
sloped cam-edge portion 16b (see the leftmost end of 
the rotary cam 16 of Fig. 6). an undulated cut-out por- so 
tion 16c being continuous with the first sloped cam- 
edge portion 16a, a slightly-raised intermediate cam- 
edge portion 16d being continuous with the undulated 
cut-out portion 16c. a finger-tip like cam-edge portion 
16e being continuous with the intermediate cam-edge 55 
portion 16d, and a curved groove-cut portion 16f formed 
between the second sloped cam-edge portion 16b and 
the finger-tip like cam-edge portion 16e. Returning to 
Fig. 4, the arm 2 is formed with a plurality of mounting- 
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bolt holes 18a and 18b, for firmly securing the arm to the 
seat back (not shown). The arm 2 is formed integral with 
a ring-gear like portion 19 having a pair of diametrically- 
opposing circular-arc shaped inner toothed portions 
(21a; 21a), which are point-symmetrical with respect to 
the axis of the pivot shaft 4. When assembling, the pair 
of toothed blocks 12A and 12B are radially slidably 
accommodated in an internal space defined between 
the ring-gear like portion 19 of the arm 2 and the 
recessed toothed-block guide 10, so that the outer 
toothed portion 13 of each toothed block (12A; 12B) is 
meshable with the associated inner toothed portion 21a 
of the arm 2, and so that the rotary cam 16 is rotatably 
accommodated between the toothed blocks 12A and 
12B. The ring-gear like portion 19 is so designed to 
have an inner diameter identical to an inner diameter of 
the diametrically-opposing curved side walls 9c and 9d. 
The inside pivot shaft assembly 4A is formed with an 
armed portion 4a. On the other hand, the outside pivot 
shaft assembly 4B is formed with an armed portion 4a 
as well as the reclining lever 3 integrally connected to 
the pivot shaft 4B. as shown in Fig. 1 . As seen in Fig. 4. 
the armed portion 4a has a spring slot at which one 
hooked end of a return spring 25 such as a coiled ten- 
sion spring is hanged. The other hooked end of the 
return spring 25 is hanged at a bracket 23b of a holder 
23, fixedly connected to the associated base, usually by 
means of rivets. Therefore, the operating lever or the 
pivot shaft 4 is biased to its initial position or a spring- 
loaded position by way of the bias of the spring 25. The 
holder 23 is formed integral with a slotted shaft 23a. The 
slotted portion of the slotted shaft 23a is engaged with 
the innermost central end 26a of a return spring 26 such 
as a spiral spring. The outermost curled end 26b of the 
return spring 26 is engaged with a pin 28 fixedly con- 
nected to the arm. With the previously-noted arrange- 
ment, the seat back, fixedly connected to the arm, is 
permanently forced to tilt forwards by means of the bias 
of the spring 26 under the unlocked condition of the 
device. The rotary-cam type reclining device of the 
embodiment operates as follows. 

Returning to Fig. 1. the reclining lever 3 (i.e., the 
inside and outside pivot shaft assemblies in rigid-con- 
nection by way of the connecting pipe 24) is normally 
biased to its initial position in the counter-clockwise 
direction (viewing Fig. 1) by way of the bias of the 
springs 25, and engaged with the holder 23 so that the 
maximum counter-clockwise rotational movement of the 
lever is restricted by way of the holder 23. Under such a 
released condition of the lever, as best seen in Fig. 5A, 
the first sloped cam-edge portion 16a, the second 
sloped cam-edge portion 16b and the slightly-raised 
intermediate cam-edge portion 1 6d of the cam-profile 
surface of the rotary cam are respectively engaged with 
and in cam-contact with the up-sloped raised edge por- 
tion 14a, the down-sloped raised edge portion 14b and 
the substantially-straight intermediate portion 14d of the 
cam-contour surface of each of the upper and lower 
toothed blocks 12A and 12B, by way of the anti-clock- 
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rotation of the pivot shafts 4A and 4B. Owing to the 
.inter-clockwise rotation of the pivot shafts, the upper 
and lower toothed blocks 12A and 12B move radially 
outwardly, while being guided by the two parallel side 
walls 9a and 9b within the recessed toothed-block guide 
10. Thus, the outer toothed portions 13 of the toothed 
block pair (12A; 12B) are brought into rneshed-engage- 
ment with the respective inner toothed portions (21a; 
21a) of the arm and also with the respective inner 
toothed portions 11a and 11b of the base. With the 
reclining lever 3 and the pivot shafts 4A and 4B held at 
their initial positions, the reclining device is held in its 
completely-locked state in which the relative rotational 
motion of the arm to the base is prevented by meshed- 
engagement between the toothed-block pair (12A; 1 2B) 
and the arm 2. Under the previously-noted completely- 
locked state of the reclining device, the two opposing 
side walls 12a and 12b of each of the toothed blocks 
12A and 12B is slidably fitted to the respective side 
walls 9a and 9b of the recessed toothed-block guide 10 
in addition to the meshed-engagement between the 
outer toothed portions (13; 13) and the inner toothed 
portions (21a; 21 a) of the arm and the meshed-engage- 
ment between the outer toothed portions (13; 13) and 
the inner toothed portions (11a; 11b) of the base. In 
contrast with the above, for the purpose of shift from the 
completely-locked state to the unlocked state, if the 
reclining lever 3 is pulled up and rotated in its clockwise 
direction against the spring bias, the rotary cam 16 
rotates clockwise as seen in Fig. 5B. The clockwise 
notation of the rotary cam 16 causes the first sloped 
;am-edge portion 16a, the second sloped cam-edge 
portion 16b and the slightly-raised intermediate cam- 
edge portion 1 6d of the cam-profile surface of the rotary 
cam 16 to be dis-engaged from the up-sloped raised 
edge portion 14a, the down-sloped raised edge portion 
14b and the substantially-straight intermediate portion 
1 4d of the cam-contour surface of each of the toothed 
blocks 12A and 12B. Then, the arm 2 becomes rotated 
anti-clockwise, because the arm is permanently forced 
to the anti-clockwise direction by means of the bias of 
the return spring 26. In conjunction with the clockwise 
rotation of the rotary cam 16, such an anti-clockwise 
rotational motion of the arm 2 produces a radially inward 
sliding motion or a contracted motion of the toothed- 
block pair (12A; 12B). In this manner, the outer toothed 
portions 13 of the toothed-block pair are unmeshed 
from the inner toothed portions (21a; 21a) of the arm 2 
and from the inner toothed portions 1 la and 1 1b of the 
base 1 by way of the clockwise rotation of the lever. This 
unmeshed state corresponds to the unlocked state of 
the reclining device. Under these conditions, the seat 
back can be adjusted toward a desired angular position. 
When the lever 3 is returned to the spring-loaded posi- 
tion with the seat back adjusted at the desired angular 
position, the rotary cam 16 rotates counter-clockwise 
together with the lever. As a result, the toothed blocks 
12A and 12B become slid radially outwards, and thus 
the outer toothed portions (13; 13) of the toothed blocks 



12A and 12B are brought again into meshed-engage- 
ment with the inner toothed portions (21a; 21a) of the 
arm and with the inner toothed portions 11a and 1 1b of 
the base. In this manner, the angular adjustment of the 

5 seat back can be attained. 

Under the locked condition of the reclining device, 
assuming that the vehicle, employing a reclining seat 
with the reclining device of the embodiment, experi- 
ences a severe collision and thus the seat back of the 

10 reclining seat is excessively loaded rearwards by exces- 
sive impact force, the arm 2 is forced to the clockwise 
direction. Such an excessively large torque applied to 
the arm is transmitted through the inner toothed por- 
tions (21a; 21a) of the arm to the outer toothed portions 

15 (13; 13) of the toothed-block pair (12A; 12B). As a con- 
sequence, as seen in Fig. 6, a clockwise rotational-force 
or a moment denoted by Y3 acts on each of the toothed 
blocks 12A and 12B. With the toothed block pair sub- 
jected to the excessive force Y3, in case of the lower 

20 half of the rotary cam as shown in Fig. 6, the force Y3 
can be received by three cam-connection points (or 
three contact points) in addition to the two fitted side 
wall pairs (9a, 12a; 9b, 12b) and the meshed engaging 
pair (13, 21a; 13, 11b). The three cam-connection 

25 points correspond to an engaged point between the up- 
sloped raised edge portion 14a and the first sloped 
cam-edge portion 16a in cam-connection, an engaged 
point between the down-sloped raised edge portion 14b 
and the second sloped cam-edge portion 16b in cam- 

30 connection and an engaged point between the substan- 
tially-straight intermediate portion 14d and the slightly- 
raised intermediate cam-edge portion 16d in cam-con- 
nection. The engagement between the down-sloped 
raised edge portion 14b and the second sloped cam- 

35 edge portion 16b functions to prevent upward deforma- 
tion as well as inward deformation of the left-hand side 
wall 12a of the toothed block. The engagement between 
the up-sloped raised portion 14a and the first sloped 
cam-edge portion 16a functions to prevent upward 

40 deformation as well as inward deformation of the right- 
hand side wall 12b of the toothed block. The engage- 
ment between the substantially-straight intermediate 
portion 14d and the slightly-raised intermediate cam- 
edge portion 16d functions to prevent upward deforma- 

45 tion of the outer toothed portion 1 3 of the toothed block. 
In other words, under the excessively loaded condition 
such as an excessively large force Y3, the push-up 
force Y1 , acting on the left-hand side wall portion of the 
toothed block, is reliably received by the engaged point 

so between the down-sloped raised edge portion 14b and 
the second sloped cam-edge portion 16b in cam-con- 
nection, the pressure Y2, acting on the right-hand side 
wall portion of the toothed block, is reliably received by 
the engaged point between the up-sloped raised edge 

55 portion 1 4a and the first sloped cam-edge portion 1 6a in 
cam-connection, while the upward deformation of the 
outer toothed portion of the toothed block is reliably 
received by the engaged point between the substan- 
tially-straight intermediate portion 14d and the slight- 
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raised intermediate cam-edge portion 16d in cam-con- 
nection. Briefly, the previously-discussed three cam- 
connection points are cooperative with each other to 
restrict or prevent the sliding motion of the toothed block 
(12A; 12B) in a direction parallel to the side walls and for 
preventing or restricting a movement of the toothed 
block (12A; 12B) in a direction perpendicular to the side 
walls, when the toothed block (12 A; 12B) is held at an 
outermost sliding position at which the outer toothed 
portion (13; 13) is completely meshed with the inner 
toothed portion (21a; 21a). In the completely-locked 
state, the intermediate cam-connection point created by 
the substantially straight intermediate portion 14d and 
the slightly-raised cam-edge portion 16d is effective to 
restrict or prevent the movement of the toothed block 
mainly in the direction parallel to the side walls. On the 
other hand, the right-hand and left-hand cam-connec- 
tion points, respectively created by the right-hand 45°- 
sloped edge portion 14a and the first cam-edge portion 
16a and by the left-hand 45°-sloped edge portion 14b 
and the second cam-edge portion 16b, are effective to 
restrict or prevent the movement of the toothed block in 
both the direction parallel to the side walls and the direc- 
tion perpendicular to the side walls. The three cam-con- 
nection points can avoid undesired stress-concentration 
which may occur on the side walls 9a and 9b of the 
recessed toothed-block guide 10 in the presence of 
application of impact force. A force, applied to the cam 
owing to the impact force, is properly distributed into the 
three cam-connection points without concentrating in 
only the intermediate cam-connection point between 
the substantially straight intermediate portion 14d of the 
cam-contour surface and the slightly-raised intermedi- 
ate cam-edge portion 16d of the cam-profile surface as 
shown in Fig. 7. Furthermore, the previously-described 
point-symmetrical arrangement of the rotary cam 16 
and the toothed-block pair (12A; 12B) with respect to 
the axis of the pivot shaft 4 contributes to a proper dis- 
tribution of forces acting on the cam and the toothed- 
block pair. The previously-noted three cam-connection 
points are cooperative to each other to ensure a higher 
mechanical strength of the reclining device irrespective 
of the use of the rotary cam having a thickness identical 
to a rotary cam employed in the prior art rotary-cam 
reclining device as shown in Fig. 7 or the use of the 
recessed toothed-block guide having a pair of side 
walls, each having a height identical to the height of the 
side wall of the recessed toothed-block guide of the 
prior art device as shown in Fig. 7. The so-called three- 
point cam-connection can enhance a reliability of the 
reclining device, and thus a safety of the reclining device 
can be also enhanced. As may be appreciated, the 
three-point cam-connection of the invention is superior 
to the one-point cam-connection of the prior art from the 
viewpoint of a mechanical strength, and thus it is possi- 
ble to reduce a thickness of each of the side walls (9a; 
9b) of the recessed toothed-block guide 10 to a mini- 
mum permissible value and consequently to thin a thick- 
ness of each of the bases (1A; IB) while insuring a 



required safety level of the device. This may reduce total 
production costs of the device. Also, such a reduction in 
the thickness of the base may facilitate a machinability 
of the base or improve a formability of the base. 

5 Although the reclining device of the embodiment 
has been discussed in case of a rotary-cam type reclin- 
ing device employing a pair of diametrically-opposing 
two toothed blocks (12A; 12B) in cam-connection with a 
rotary cam, the structure of the rotary cam and the 

io toothed blocks, made according to the invention, may 
be applied to a rotary-cam type reclining device with 
three or more toothed blocks provided between a rotary 
cam and an inner toothed portion of an arm, as dis- 
closed in Japanese Patent Provisional Publication No. 

15 6-125821 (corresponding to French Patent Application 
No. 91 02590 filed on March 5, 1991). 

While the foregoing is a description of the preferred 
embodiments carried out the invention, it will be under- 
stood that the invention is not limited to the particular 

20 embodiments shown and described herein, but that var- 
ious changes and modifications may be made without 
departing from the scope or spirit of this invention as 
defined by the following claims. 

25 Claims 

1 . A rotary-cam type reclining device comprising: 



30 



35 



40 



45 



50 



55 



a base (1A; 1B) fixedly connected to a seat 
cushion, and defining therein a recessed 
toothed-block guide (10), said recessed 
toothed-block guide having a pair of parallel 
side walls (9a, 9b); 

an arm (2A; 2B) fixedly connected to a- seat 
back and rotatably supported on said base, 
said arm having an inner toothed portion (21a; 
21a); 

a toothed block (12A; 12B) siidably disposed 
between said base (1 A; 1 B) and said arm (2A; 
2B), and having an outer toothed portion (13; 
13) on an outer periphery thereof and a cam- 
contour surface (14a, 14b, 14c t 14d, 14e) on an 
inner periphery thereof, and being siidably 
guided by said side walls (9a, 9b) of said 
recessed toothed-block guide (10); 
a rotary cam (1 6) for producing an outward slid- 
ing motion of said toothed block (12A; 12B) to 
mesh said outer toothed portion (13; 13) with 
said inner toothed portion (21a; 21a) by a 
rotary motion of said cam (16) in a first rota- 
tional direction and for producing an inward 
sliding motion of said toothed block (12A; 12B) 
to unmesh said outer toothed portion (13; 13) 
from said inner toothed portion (21a; 21a) by a 
rotary motion of said cam (1 6) in a second rota- 
tional direction opposing said first rotational 
direction, said cam having a cam-profile sur- 
face (16a, 16b, 16c, 16d, 16e, 16f) facing said 
cam-contour surface of said toothed block 
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(12A; 12B);and 

an operating lever (3) mechanically linked to 
said cam (16) for producing said rotary motion 
of said cam (16); 

5 

wherein said cam (16) and said toothed 
block (12A; 12B) have at least three cam-connec- 
tion points in said cam-profile surface and said 
cam-contour surface for restricting a sliding motion 
of said toothed block (12A; 12B) in a direction par- io 
allel to said side walls and for restricting a move- 
ment of said toothed block (12A; 12B) in a direction 
perpendicular to said side walls, when said toothed 
block (12A; 12B) is held at an outermost sliding 
position at which said outer toothed portion (1 3; 1 3) is 
is completely meshed with said inner toothed por- 
tion (21a; 21a). 

2. A rotary-cam type reclining device as set forth in 
claim 1 , wherein said at least three cam-connection 20 
points are created at a pair of sloped cam-edge por- 
tions (16a. 16b) provided at both ends of said cam- 
profile surface of said cam (16) and at an intermedi- 
ate cam-edge portion (16d) provided in the middle 

of said cam-profile surface of said cam. 25 

3. A rotary-cam type reclining device as set forth in 
claim 2, wherein each of said sloped cam-edge por- 
tions (16a, 16b) is sloped substantially at an angle 

of 45° with respect to the direction parallel to said 30 
side walls for restricting a movement of said toothed 
block (12A; 12B) in both the direction parallel to 
said side walls and the direction perpendicular to 
said side walls when said toothed block (12A; 12B) 
is held at said outermost sliding position. 35 

4. A rotary-cam type reclining device comprising: 

a base (1A; 1B) fixedly connected to a seat 
cushion, and defining therein a recessed 40 
toothed-block guide (10), said recessed 
toothed-block guide having a pair of parallel 
side walls (9a, 9b); 

an arm (2A; 2B) fixedly connected to a seat 
back and rotatably supported on said base 45 
through a pivot shaft (4), said arm having an 
inner toothed portion (21a; 21a); 
a plurality of toothed blocks (12 A, 12B) slidably 
disposed between said base (1 A; 1 B) and said 
arm (2A; 2B), each of said toothed blocks hav- so 
ing an outer toothed portion (13) on an outer 
periphery thereof and a cam-contour surface 
(14a, 14b, 14c, 14d, 1 4e) on an inner periphery 
thereof, and being slidably guided by said side 
walls (9a, 9b) of said recessed toothed-block ss 
guide (10); 

a rotary cam (16) in cam-connection with said 
toothed blocks for producing a radially outward 
sliding motion of said toothed blocks (12 A, 



12B) to mesh said outer toothed portion (13; 
13) with said inner toothed portion (21a; 21a) 
by a rotary motion of said cam (16) in a first 
rotational direction and for producing a radially 
inward sliding motion of said toothed blocks 
(12A, 12B) to unmesh said outer toothed por- 
tion (13; 13) from said inner toothed portion 
(21a; 21a) by a rotary motion of said cam (16) 
in a second rotational direction opposing said 
first rotational direction, said cam having a plu- 
rality of cam-profile surfaces (16a, 16b, 16c, 
16d, 16e, 16f) respectively facing the associ- 
ated cam-contour surfaces of said toothed 
blocks (12A, 12B);and 

an operating lever (3) mechanically linked to 
said cam (16) for producing said rotary motion 
of said cam (16); 

wherein said cam (16) and each of said 
toothed blocks (12A, 12B) have at least three cam- 
connection points in said cam-profile surface and 
said cam-contour surface for restricting a sliding 
motion of said toothed blocks (12 A, 12B) in a direc- 
tion parallel to said side walls and for restricting a 
movement of said toothed blocks (12A, 12B) in a 
direction perpendicular to said side walls, when 
said toothed blocks (12A, 12B) are held at an outer- 
most sliding position at which the outer toothed por- 
tions (13; 13) are completely meshed with the 
associated inner toothed portions (21a; 21a). 

5. A rotary-cam type reclining device as set forth in 
claim 4, wherein said at least three cam-connection 
points are created at a pair of sloped cam-edge por- 
tions (16a, 16b) provided at both ends of each of 
said cam-profile surfaces of said cam (1 6) and at an 
intermediate cam-edge portion (16d) provided in 
the middle of each of said cam-profile surfaces of 
said cam. 

6. A rotary-cam type reclining device as set forth in 
claim 5, wherein said cam-profile surfaces of said 
cam (16) are point-symmetrical with each other 
with respect to an axis of said pivot shaft (4). 
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(54) Rotary-cam type redinig device 

(57) A rotary-cam type reclining device comprises a 
base (1A.1B) fixedly connected to a seat cushion, a 
toothed arm fixedly connected to a seat back and rotat- 
ably supported on the base via a pivot, a toothed block 
(10) slidably disposed between the base (1A.1B) and 
the arm and having an outer toothed portion and a cam- 
contour surface and slidably guided by two parallel side 
walls of a recessed toothed-block guide defined in the 
base (1 A,1B), a rotary cam for producing outward and 
inward sliding motions of the toothed block to mesh and 
unmesh the outer toothed portion of the toothed block 
( 1 2 A, 1 2 B) with and from the inner toothed portion of the 
arm by a rotary motion of the cam (16), and an operat- 
ing lever mechanically linked to the cam for producing 
the rotary motion of the cam (16). In a completely- 
locked state of the device, the toothed block (12A.12B) 
is held at its outermost meshing position by way of three 
cam-connection points created between the cam-prof ile 
surface of the cam (16) and the cam-contour surface of 
the toothed block (12A.12B) for restricting or preventing 
the movement of the toothed block in all directions of the 
toothed block (12A.12B). 
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